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[Patent Attorney] 

(57) [Abstract] 

[Objective] It regards manufacturing method of electrically co 
nductive material / polymeric solid electrolyte composite 
membrane due to composite making of electricaUy conductive 
material and&e polymeric solid electrolyte. 

[Constitution] In electrically conductive material sur&ce, layer 
of blend of liquid low molecular weight organosilicon compoui 
and lithium siq)porting electrolyte whichpossess ethylene oxide 
structure which in intramolecular is shown with - CH2 - CH2- 

O- afterfonning, or manufacturing method of electrically 
conductive matenal / polymeric sohd electrolyte coiiq)osite 
membrane ^ch designates that theaforementioned blend is 
polymerized to electrically conductive material surface which 
beforehandimpregnates aforementioned blend layer of 
aforementioned blendafter forming, with plasma as feature. 

[Effect(s)] Polymerization initiator and crosslinking agent are 
unnecessary, film quality is uniform andthe polymeric solid 
electrolyte membrane where conformity of electrically 
conductive material and polymeric solid electrolyte is good can 
beacquired. 



[Cla3m(s)] 



[Claim 1] Manu&cturing method of electrically conductive m 
aterial / polymeric solid electrolyte composite membrane which 
designates that aforementioned blendis polymerized to 
electrically conductive material surfece, layer of blend of liquid 
low molecular weight organosilicon compound and thelithiimti 
supporting electrolyte which possess ethylene oxide structure 
which in intramolecular is shown with the- CH2 - CH2 - O - 
after forming, with plasma as feature. 



[Claim 2] Manu&cturing method of electrically conductive m 
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aterial / polymeric solid electrflBcomposite membrane which 
designates that aforementioned Etendis polymerized to 
electrically conductive material surface which impregnates bleni 
of liquid low molecular weight organosilicon compoundand 
lithium supporting electrolyte which possess ethylene oxide 
structure which in intramolecular is shownbeforehand with - 
CH2 - CH2 - O layer of blend of liquid low molecular weight 
organosilicon compound and thelithium supporting electrolyte 
which possess ethylene oxide structure which in intramolecular 
is shown with Ae- CH2 - CH2 - O - after forming, with 
plasma as feature. 



[000 1] 



[000 2] 
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[Descr^tion of the Invention] 
[0001] 

[Field of Industrial Application] It regards manufacturing metho 
d of electrically conductive material / polymeric solid 
electrolyte composite membrane which is applied to 
electrochemical element (Such as for exao^le lithium 
secondary battery and electrochromic element)where this 
invention regards composite making method of electrically 
conductive material and polymeric solid electrolyte, utilizesihe 
oxidation and reduction function of electrically conductive 
material. 

[0002] 

[Prior Art] Recently, energy * environmental problem lithium 
secondary battery which possesses high energy density 
incomparison with conventional secondary battery (Such as 
for example lead battery and Ni / Cd battery) is observed by 
background, diligent researchis done including national project 
It can increase problem of potential liquid leak and 
volatilization due to using theelectrolyte of Uquid as one of 
problem of this lithium secondaiy battery, this has exerted 
influence to also light weight * compaction of battery cell 
entirety, fix>mthi5 kind of background, development of 
con^>letely solid typt lithium secondary battery which uses 
polymeric solid electrolyte isrequested to future. 

[0003] When this completely solid type lidiium secondary batt 
ery is produced, until recently, con:q)osite making of 
electrically conductive materialand polymeric solid electrolyte 
membrane was done mainly with method below. 

(1) Mixed * melting polymeric solid electrolyte material and lit 
hium supporting electrolyte which are synthesizedbeforehand in 
suitable organic solvent, method which obtains above- 
mentionedcomposite membrane by producing solution, coating 
doing on electrically conductive material wiA ihecast or 
spinner , it dries this said solution. 
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(2) Low molecular weight material which becomes staiting maJ 
rial of polymeric solid electrolyte (Below , starting material loi;i 
molecular weight you abbreviate singly. ) with coating 
doingflie mixture of lithium supporting electrolyte on 
electrically conductive material, adding polymerization 
initiator and polymerizingtfae low molecular weight material 
mediod vdiich solidification it does, obtains theabove- 
mentioned con^site membrane. 

(3) Method where coating it does mixture of starting material 1 
ow molecular weight and lithium supporting electrolyteon 
electrically conductive material, makes crosslinking reaction 
low molecular weight material do and solidification does, 
obtainsdie above-mentioned conq)osite membrane. 

[0004] 

[Problems to be Solved by the Invention] Prior Art to above-m 
entioned (1) to (3) has problem below each onein case of 
con^x)site making of electrically conductive material. 

[0005] With Prior Art of aforementioned (1), when molecular 
weight of polymeric solid electrolyteis high, viscosity of 
solution becomes high, making thin film at time ofihe film 
formation is difficult In addition, volatilization doing solvent 
in solution, when drying, thefilm thickness is easy to become 
nonuniform, pinhole is easy to formin polymeric solid 
electrolyte membrane which is acquired. In addition, v^iien 
electrically conductive material such as conductive polymer it 
is a porous material, polymeric solid electrolyte of the high 
viscosity as for permeating to in electrically conductive 
material because it is difficult, theresistance component of 
electrically conductive material / polymeric solid electrolyte 
membrane interface becomes large, internal resistance as 
batteiy system becomeslarge. When molecular weight of 
polymeric solid electrolyte is low conversely, film forming 
behavior improves andalso making thin fihn becomes easy, but 
mechanical strength becomes weak, when the counterelectiode 
(In case of lithium secondary battery, negative electrode ) widi 
it contacted, is easy to cause short circuit between the electrode. 



[0006] itrc (2) Bits (3) a)9t*&mvit. » 

««atLT«n3t*fflU«>»afe {r.Kabata et al..Po 
lymers for Advanced Technologies, 4, 205(1993)) V 



[0006] With Prior Art of aforementioned (2) and (3), polymer 
ization initiator and crosslinkingsource are needed in syndiesis 
of polymeric solid electrolyte fihn. There is a method which 
uses crosslinking agent crosslinking reaction is done polymer 
asthe method which, but uniform blending to control and 
starting material low molecular weight fihn entire surfece of 
crosslinking agent concentrationto starting material low 
molecular weight fihn is difficult In addition, with method {T. 
Kab ata et al., polymers for Advanced Te chnologies, 4, 
205(1993)} which uses ultraviolet light as crossUnking source 
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theunifoim film fonnatioii is €^^[}ut step which introduces 
functional group of photoreactivityinto molecular structure of 
starting material low molecular weight is needed, when it is a 
material where the electrically conductive material has light 
blocking and ligfat-absoifoing it cannot apply to (Like example: 
conductive polymer is colored material ) , In addition, 
irradiating -ray, also method {Mac cal lum et al.. Solid State 
Ionics ,11,307(1984)} which obtains thepolymeric solid 
electrolyte which crosslinking is done is proposed, but source oi 
-rayof radioactivity where surface area enlarging is difficult, 
like 60 Co is needed. 

[0007] It is somediing which, it tries you will consider diis inve 
ntion to theabove-mentioned technology level, to offer 
manufacturing method of electrically conductive material / 
polymeric solid electrolyte composite membrane which 
cancelsthe kind of disadvantage in prior art method. 

[0008] 

[Means to Solve the Problems] As for this invention to (1) elec 
trically conductive material surface, Layer of blend of liquid lov 
molecular weight organosilicon compound and lithium 
supporting electrolyte which possess ethylene oxide 
structurewhich in intramolecular is shown with - CH2 - CH2 - 
O - rear of formation, manufacturing method of electrically 
conductive material / polymeric solid electrolyte composite 
membrane which designates diat aforementioned blendis 
polymerized with plasma as feature and (2) in^)regnates blendo 
liquid low molecular weight organosilicon compoimd and lithiu: 
supporting electrolyte which possess ethylene oxide structure 
which beforehand inthe intramolecular is shown with - CH2 - 
CH2 - O - to electrically conductive material sur&ce which, It is 
a manufacturing method of electrically conductive material / 
polymeric solid electrolyte composite membrane which 
designates that aforementionedblend is polymerized layer of 
blend of liquid low molecular weight organosilicon compound 
and lithium si^orting electrolytewhich possess ethylene oxide 
stmcture which in intramolecular is shown widi - CH2 - CII2 - 
O -after forming, with plasma as feature. 
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[0009] Witfi namely, this invention starting material low molec 
ular weight mixed solution was impregnated beforehand or to 
drip theliquid (Below , starting material low molecular weight 
solution you call) which mixes lithium supporting electrolyte to 
starting material low molecular weight (It possesses ethylene 
oxide structure which in intramolecular is shown with • CH2 - 
CH2 - O - theliquid low molecular weight organosilicon 
compoimd ) of Liquid, to thesurface of electrically conductive 
material which has not been impregnated, depositing with 
theapplication or other method , layer of starting material low 
molecular weight mixed solution glow discharge plasma 
operating aflerfoiming, and under low vacuum polymerizing 

P.5 
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this said blend, synthesizingthe polymeric solid electrolyte film 
(Below , polymeric solid electrolyte, those which polymerized 
blend of the starting material low molecular weight and lithium 
supporting electrolyte are meant ), it is something which it 
tries to obtain electrically conductive material / polymeric solid 
electrolyte composite membrane. 
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[0010] (Mer than polyaniline, polythiophene , polypyirole, 
polyacene and polyacetylene or other conductive polymer, 
you can list to Explicable electrically conductive material 
inorganic material etc such as manganese dioxide , titanium 
disulfide and lithium cobaltate . These electrically conductive 
material may be something vMch such as chemical 
polymerization method with any method, electrolytic 
polymerization method and vq)or phase polymerization 
method is synthesized. 

[001 1] Regarding to invention, if it possesses ediylene oxid 
e structure (- C2 H4 - O -) which contributes tothe hthium ion 
conduction in molecular stracture as starting material low 
molecular weight of polymeric solid electrolyte, and boiling 
point withthe (Approximately 1 to 2 Torr ) under pressure at 
time of plasma polymerization is above room ten^erature 
extent (Approximately 20 "^C ),in principle it is a useable any 
kind of low molecular weight In Ais kind of compound, as for 
those which include silicon in diemolecular structure of 
especially low molecular weight, etching resistance for plasma 
good, whatdie polymerization is done easy. Because of that, 
with this invention at least one it possesses ethylene oxide 
structure whichin intramolecular is displayed with - CH2 - CH2 
O - as starting material, low molecular weight organosilicon 
compoundof liquid is used with state of room ten^>erature * 
ambient pressure. In addition, in order to prevent evaporation 
of starting material low molecular weight insidethe vacuum 
chamber, it is desirable if possible to select starting material of 
thehigh boiling point (low vapor pressure). It is possible to 
increase compound below for exanq>le . 
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[0012] 

[Chemical Formula 1] 



[0013] 



[0013] 
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[Chemical Fonnula 2] 



[0014] 

[Chemical Fonnula 3] 
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[0015] 

[Chemical Formula 4] 
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[Chemical Fomiula 5] 
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[0017] 

[Chemical Fonnula 6] 
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[0018] In addition, lithium perchlorate (Li C104 ), boron tetra 
fluoride acid lithium (LiBF4), lithium hexafluorophosphate 
(LiPF6), hexafluoro arsenic acid litiiium (Li As F6), lifliium 
tiifluoromethane sulfonate (LiCFaSOa) andthe lithium 
thiocyanate (Li SCN) or other lidiium metal salt can be used as 
lithium sq)porting electrolyte. 



[0019] Forms starting material low molecular weight mixed soh 
tion layer on electrically conductive material as method which, 
starting material low molecular weight mixed solution, 
Beforehand, you can Ust method starting material low moleculai 
weight mixed solution was impregnated orapplying to 
electrically conductive material surface which has not been 
in^gnated and/or fonningtfae layer of starting material low 
molecular weight mixed solution in surface with at a time 
constant amount or other means which with such as micro ti 
lysine is dripped but, When it is a porous structure where 
electrically conductive material has microscqiic void, it 
impregnates Aeabove-mentioned starting material low 
molecular weight mixed solution, outgassmg does after 
depositing, or andinside vacuum dessicator inqjregnates starting • 
material low molecular weight / lithium si^orting electrolyte 
blend after outgassing conversely, thefully it needs device whid 
permeates to in electrically conAictive material with or other 
method which deposits. 

[0020] In addition, in order reproducibility to manage perfotma 
nee (ionic conductivity) of this compositewell, adjusting to 
sufficient permeation of starting material low molecular weight 
mixed solution to in electrically conductive materialwfaich 
description above is done, it is important to control 
thethickness of solid electrolyte layer on electrically 
conductive material. For this, starting material low molecular 
weight mixed solution does not leak from electrically 
conductive material which makes starting material low 
molecular weight mixed solutioninclude, in addition, after liquic 
of starting mat^al low molecular weight mixed solution layer 
which isformed on surface flows out and is to simply electricall 
conductive material, removing theexcess starting material low 
molecular weight mixed solution on electrically conductive 
material in support frame of suitable construction, or other 
device whichdrips starting material low molecular weight mixec 
solution of predetermined amount is necessary. 

[0021] Regarding to method of this invention, in composite of 
electrically conductive material / low molecular weight mixed 
solution i^chit produces in this way, glow discharge plasma 
operating under vacuum, thestarting material low molecular 
weight polymerizing, it makes polymeric solid electrolyte 
con^osite membrane. 

[0022] Concerning plasma polymerization equipment which is i 
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[0025] 



sed with this invention, you eT^dPl the Figure 1 as example. It 
is a structure which provides substrate holder 2 and discharge 
electrode 3 inside vacuum chamber lof bell jar shape, 
discharge electrode 3 is connected by discharge power supply 4. 
vacuum chamber 1 is connectedto oil rotary pump or 
mechanical booster pvanp or other exhaust system 5 with pipe. 
In addition, pressure inside vacuum chamber 1 we can observe 
with Pirani- vacuum gauge or other pressure gauge 6 . 
electrically conductive material / starting material low moleculai 
weight mixed solution composite membrane 7 is set on substrate 
holder 2. This time flowing out of starting material low 
molecular weight mixed solution it dies and in order to 
preventthe becoming nonuniform of film thickness which 
depends, it installs substrate holder 2 in thehorizontal, it is 
desirable in order to prevent evaporation inside thevacuum 
chamber 1 of starting material low molecular weight to make 
structure which can cool substrate holder 2 itself with thecoolin| 
water . In order in film forming surface entirety to do plasma 
polymerization in uniform, it allots the discharge electrode 3 
parallel to substrate holder 2, electrode surface area film 
forming surface product same extent makessomewhat large 
thing. Discharge power supply 4 if between electrode 3 it has 
possessed glow dischaigepossible output voltage 
(Approximately 300 to 500V) and output (current density of 
per unit surface area maximum 1 mA/cm2 of discharge 
electrode), other than direct current, isgood to principle such as 
commercial frequency and radiowavefiiequency (13.56 MHz) 
those of any high firequency band. 

[0023] As for atmosphere inside vacuum chamber 1 in order to 
obtain glow discharge whichis stabilized, it is desirable from 
inert gas source 8 to introduce argon and helium or otiier rare 
gas into vacuum chamber 1 . In addition, when pressure inside 
vacuum chamba 1 is low excessively, thestaitmg material low 
molecular weight inside vacuum chamber 1 , in order to 
evaporate, stability it isdesirable for glow discharge to keep in 
generatable range (1 to 2 Ton ). 

[0024] As for mechanical strength of solid electroljrte layer adju 
stment is possible with discharge power and discharge time 
inside vacuum chamber, namely, discharge power is enlarged i 
mechanical strength of polymer film of solid electrolyte layer 
rises bymaking discharge time long. But, when discharge powe 
is large excessively or when polymerization time is long,while 
mechanical streng^ of solid electrolyte layer rises, because 
ionic conductivity decreasesconsiderably, with (In case of 
lithium battery, it can withstand contact with negative 
electrode theextent ) inside tolerance of mechanical strength of 
solid electrolyte layer,the discharge power is made forcible low 
or or it is desirable to make thedischarge time short. 

[0025] 
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[Woric or Operations of the In^^^Bn] In order with this inven 
tion low molecular weight which becomes starting material of 
polymer solid electrol3rtetfae composite making to do after 
lithium si^orting electrolyte and mixture and on electrically 
conductive material, dieconformity ( mechanical strength and 
electrical strength ) of electrically conductive material and 
polymeric solid electrolyte is good. Because as for at this actioi 
when electrically conductive material is conductive polymer or 
other porous material, becausepeimeation to in electrically 
conductive material of starting material low molecular weight 
mixed solution is good, mixed layer is formedto interface 
vicinity of both, especially it is effective. This effect layer of 
starting material low molecular weight mixed solution is formed 
preceding, furthermore canraise by impregnating starting 
material low molecular weight mixed solution in electrically 
conductive material. 



[0 0 2 6] ^it. •f3X'7^s!in{&6^=f-o>m'^SiRxs 
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[0026] In addition, in order plasma to use, as polymerization so 
uTce andcrosslinking source of starting material low molecular 
weight when polymerization initiator and crosslinking agent 
aieunnecessaiy, uniform polymeric solid electrolyte fihn of fihn 
quality (Such as chemical structure , molecular weight , 
crosslink density and salt concentration) can be acquired 
simultaneouslyon fihn surface. 

[0027] 

[Woridng £xample(s)] Method of this invention furthermore is 
explained concretely below, onthe basis of Working Example. 



(Working Example 1) 



(1) a^mii'jf^'t^A (';5^'t^A3^}#ajR«) ^h^j 

) 4>IC1 Ofia%»fiP$-ti-ClS»fll5^?iK^»«f^HL 
fc. 

(2) <b^fi^afei=<fcy4^«Lfcicij7-«j>a (US 

3 cm. 15*1 mm) ^ttlE (1) OUHn^i^^m^m 
*(zaL, 7K«J7-»j>H4'<Dtttt*2gfl.c|3|z (1) O 

A<BA6?>*Lft<fty. K9iifi+i^iz^t>tifzzt^ma 

Lfc. 



[002 8] (3) ^^mmxit^ :f7X'7\z^'Dxm 



(1) 10 weight% melting lithium perchlorate (lithium siq)porting 
electrolyte) in tris (2 - methoxy ethoxy) vinyl silane (starting 
material low molecular weight), it produced starting material loi 
molecular weight mixed solution. 

(2) It soaked polyaniline film ( diameter 3 cm and thickness 1 
mm ) ^ch is produced with chemical polymerization method 
in starting material low molecular weight mixed solutionof 
aforementioned (1), in order fully to inq>regnate starting 
material low molecular weight mixed solutionof (1) in 
microscopic void in polyaniline film, outgassing it did inside th 
vacuum dessicator. After 1 hour, foaming fiom polyaniline 
fihn stopped being recognized, youverified that outgassing was 
done in folly. 

[0028] (3) With this working example, solidification before doi 
ng starting material low molecular weight mixed solution, 
impregnating thestarting material low molecular weight mixed 
solution in solid membrane with plasma, in order furdiermore 
to form themixed solution layer of fixed thickness even on 
solid membrane, a leak of mixed solution,it starts flowing, 



ISTA's Paterra(tm), Version 1 .5 (There may be eirors in the above translation. ISTA cannot P. 10 

be held liable for any detriment from its use. WWW: ht^://www.intlscience.com Tel:800-430-5727) 



JP 96253733A Haohine Translation 



ai;ttteppfiffi(cii0 2(z^-ri?{ffi'tr;u^ffli>fc. Rffi* 

2 1, iEa*/^-2 2, jEaft«fi2 3. 

3Cl>i&««p $fc. jE&fl&tffia«0!)«^ (2 5& 
^2 9) it^*l^*llEmmitViZ3Rtffimm9,^2B 



[0 0 2 9] fltlIBfffiSi!iU«Sa)4«KI^, ]Ea^/<-2 
iEa^(D^^2 5, aai(Qtf2 8&t;ftafi9(D^?2 



[0 0 3 0] *»;7-y>tt*miB cd 



(00 3 11 H^UT-'J^HOaffift* 
i:a)^4^DA^P)|]!l»{£«^^>a[I(DW^* 2 0 Lfco 
7K«j7-»;>tta)ffi«I*7. 1cm2 (ia3cm)3En 

aTLfc. COttBfCfil^T, -biUCDfl^X^^r h2 4 



necessary to prevent it is. In alVfcn, because battery system is 
formed making use of lithium metal wheretfae quite reactivity is 
high, it is necessary to protect saiiq)le from diemoisture or 
oxygen of external air. From reason above, test cell which is 
shown in Figure 2 was used toproduction and performance 
evaluation of electrically conductive material / polymeric solid 
electrolyte con:q)osite membrane in this working exanqile. 
structure of test cell positive electrode part ( anode material / 
polymeric solid electrolyte composite membrane 21 , positive 
electrode cover 22, positive electrode collector sheet 23, and 
angular gasket 24, diecell positive electrode part and generic 
below it does. ) with consists of negative electrode part (cell 
negative electrode part and generic below negative electrode 
cover 27, negative electrode collector sheet 28 and itdoes. ). 
In addition, terminal (25 and 29) of positive electrode side 
and negative electrode side continuity hasdone in respective 
positive electrode collector sheet 23 and negative electrode 
collector sheet 28 and electrical. 

[0029] As for material of aforementioned test ceU section, posi 
tive electrode cover 22 and thenegative electrode cover 27 
terminal 25 of Teflon , positive electrode collector plate 23 
and positive electrode side, terminal 29 oftfae negative 
electrode collector plate 28 and negative electrode side stainless 
steel and angular gasket 24 is silicone rubbermake. 

[0030] It pulls polyaniline fihn from starting material low mole 
cular weight mixed solution of aforementioned (1) and fries^n 
order for polyaniline film aspect to come on positive electrode 
collector sheet 23 in cell positive electrode part, itsets. When 
here starting material low molecular wei^t mixed solution has 
deposited on polyaniline film, because it isdifficult, to control 
thickness of polymeric solid electrolyte layer which is formed 
on the positive electrode accurately after removing excess 
starting material low molecular weight mixed solution with 
absorbent cotton, (1) with thepredetermined amount dripping 
starting material low molecular weight mixed solution of same 
composition on polyaniline fihn with microsyiinge, toobtain 
starting material low molecular weight liquid layer of desired 
thickness. You followed dropped amount of starting material 
low molecular weight mixed solution and relationship of 
thickness thenext formula. 

(Dropped amount) =(tfaickness) X (surface area of anode m 
aterial) 

[0031] With this working example, thickness of starting materi 
al low molecular weight liquid layer was designated as 20 
mfrom correspondence with sur^ice roughness of 
polyaniline film, surface area of polyaniline film fiom 7.1 cm2 
(diameter 3 cm), dripped starting material low molecular weight 
mixed solution of 14 Ion polyaniline film. In this state. 
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I 



angular gasket 24 of cell and l^ik of starting material low 
molecular weight mixed solutionfirom between positive electrod 
cover 22 were not recognized. 

[0032] (4) Polyaniline / starting material low molecular weight 
mixed solution composite membrane which is acquired with 
aforementioned (3) with statewhile it was set to cell positive 
electrode part, was set to substrate holder inside plasma 
polymerization equipment It prevented evaporation of 
starting material low molecular weight mix^ solution which 
circulating due to thepipe , accompanies cooling water of 
approximately 5 **C temperature rise of thesubstrate holder due 
to plasma in bottom surface of substrate holder. While next, 
letting flow argon gas with flow of 30 cm3 / min (at25 ^'C ,1 
atm), insidethe vacuum chamber to pressure 1 Ton after 
exhaust, 2 hours plasma polymerization it did with the 
frequency lOkHz , discharge power 15W (current density :2.6 
X 10-4 A/cm2 on discharge electrode). After discharge ending 
and inside vacuum chamber you reset to atmospheric 
pressurewith nitrogen gas, removed cell positive electrode part 



10033] (5) S6*vfca6aa):;7x-7«^ffl» 

tlfc«^S±(C>J^'t;AS cm. »*0. 3m 

m. maftstt2 8ic9a) &t;&fi«/<-2 7«sfo 
$ti, iriiJEmBRxs^mmzm^ (25x^20) * 



[0034] immmz) 

;i/-2- C (2-xh4vxh+-» xh+i/] bf-iP 



[0033] (5) Plasma polymerization portion of composite membr 
ane which it acquires it was a flexible solid membrane, cell 
positive electrode part ittilted and liquid substance from 
composite membrane did to flow out and anddeformation was 
not recognized In addition, when chemical structure of 
polymer film is appraised with infrared absorption 
spectroscopy ,it was verified that ethylene oxide structure which 
is included in starting material low molecular weig^it is kept It 
glovebox which is made nitrogen gas atmosphere, repeating 
lithium foil (In diameter 1 cm , thickness 0.3 mm and 
negative electrode collector sheet 28 continuity ) andthe 
negative electrode cover 27 on composite membrane which is 
set to cell positive electrode part, it acquired the composite 
membrane / lithium foil composite, battery system inside 
(Below , it names battery system. ) cell external air and 
blocking was done byconnecting cell positive electrode part and 
cell negative electrode part with bolt/nut installed terminal (25 
and 29) in cell positive electrode part and and negative 
electrode part took continuity inside outside anddie cell, when 
charge-discharge characteristic is q>praised, release end voltage 
was 3.3V withAe charge-discharge cycle of current density 0.0 
mA/cm2, verified that it fimctions as battety. 

[0034] (Woridng Example 2) 

(1)10 weight% melting lithium trifluoromethane sulfonate in di 
methyl - 2 - ((2 - ethoxy ethoxy ) ethoxy ) vinyl silane, 
itproduced liddum supporting electrolyte / starting material low 
molecular weight mixed solution. 



(2) 4bga«&ffi(=J:yftSLfcx«{b-7>:tf>B (E 



(2) It soaked manganese dioxide membrane (diameter 3 cm ar 
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d thickness 1 mm ) which is p^^ed with chemical 
polymerization method in starting material low molecular 
weight mixed solutionof aforementioned (1), in order fully to 
inq>i€gnate starting material low molecular weight mixed 
solutionof (1) in microscopic void in manganese dioxide 
membrane, outgassing it did inside the vacu\mi dessicator. Afte 
3 0 min, foaming from manganese dioxide membrane stopped 
being recognized, youverified that outgassing was done in fully 



[0035] (3) -ajb-7>/f>R^iniI2 (1) (DliR 
h 2 4 t jEa*/<-2 2n3ft^&<DIS*HS»^- 



[0036] (4) HE (3) (D-Kft-^VtfV/ISS 

n (a t 2 5*t:. 1 a t m) 03tt»T?3Sl L^A<?) JlffiH 
rt^E* 2 T o r r Mmik 1 0 k H ^ . ft 

8aA7W (ttMa±(Dai&«fi : 1. 5 k 1 O^A 
/cm2) ■e2BM^^X7«Sittfc, ttBHTII* 



[0035] (3) It pulled manganese dioxide film from starting mater 
ial low molecular weight mixed solution of aforementioned (1) 
and &ied,in order in same cell positive electrode part as ttiose 
which are used with Working Exan^le 1, forthe manganese 
dioxide film surface to come on positive electrode collector 
sheet 23, it set After removing excess starting material low 
molecular weight mixed solution with absorbent cotton, 
description above (1) with thestarting material low molecular 
weight mixed solution of same composition predetermined 
amount was dripped with microsyringe, starting material low 
molecular weight liquid layer ofthe desired thickness was forme 
on positive electrode surface. Wi& this woridng example 
thickness of starting material low molecular weight liquid layer 
was designated as 20 m inthe same way as Working Exan^)le 
1, starting material low molecular weight mixed solution of 14 
1 was draped on themanganese dioxide filnt In diis state, 
angular gasket 24 of cell and a leak of starting material low 
molecular weight mixed solutionfiom between positive electrod 
cover 22 were not recognized. 

[0036] (4) Manganese dioxide / starting material low molecular 
weight mixed solution composite membrane of aforementioned 
(3) with state while it is set tothe cell positive electrode part, is 
set to substrate holder inside same plasma polymerization 
equipment as those whichare used with Working Example 1. Ii 
prevented evaporation of starting material low molecular weight 
mixed solution which circulating due to thepipe , accompanies 
cooling water of approximately 5 °C temperature rise of 
thesubstrate holder due to plasma in bottom surface of 
substrate holder. While next, letting flow argon gas widi flow 
of 10 cni3 / min (at25 **€ ,1 atm), insidetfae vacuum layer to 
pressure 2 Torr after exhaust, 2 hours plasma polymerization it 
did with the frequency lOkHz and discharge power 7W 
(current density : 1.5 X 10-4 A/cm2 on discharge electrode). 
After discharge ending and inside vacuum chamber you reset tc 
atmospheric pressurewitfa nitrogen gas, removed cell positive 
electrode part 



[0037] (5) fffj^fctf^Htor^^X-^m^S^^ 
fz. ft^nal4R5^%l£l=J:yS^n(D1t:^«lfi$R«iLfc 



[0037] (5) Plasma polymerization portion of composite membr 
ane which it acquires it was a flexible solid membrane, cell 
positive electrode part ittilted and liquid substance from 
composite membrane started flowing and anddeformation was 
not recognized. In addition, when chemical structure of 
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polymer film is q)praised witiS^^ared absorption 
spectroscopy ,you verified that ediylene oxide structuie of 
starting materiallow molecular weight is kq>t Inglovebox 
which is made nitrogen gas atmosphere, lithium foil ( diameter 
1 cm and thickness 0.3 mm ) and cell negative electrode 
paitwere repeated on composite membrane vtliich is set to cell 
positive electrode part, battery cell wasformed. c(»tq>osite 
membrane and lithium foil inside cell seal are done fioxn 
theextemal air by connecting cell positive electrode part and 
cell negative electrode part with volt and thenut. Tngtnllmg 
terminal (25 and 29) in cell positive electrode part , and 
negative electrode part you took continuityinside outside and 
cell, when charge-discharge characteristic is q)praised, release 
end voltagewas 3.4V with charge-discharge cycle of cxurent 
density 0.02 mA/cni2, you verified that itfunctions as batteiy. 

[0038] 

[Effects of the Invention] Under clean atmosphere which does 
not depend on addition of third con^onent such 
aspolymerization initiator and crosslinking agent witii this 
invention, uniform electrically conductive material / 
polymeric solid electrolyte con:q)osite membrane can be 
produced In order with this invention lithium supporting 
electrolyte before film fonnation to melt in thestarting n^ateri^] 
low molecular weight, distribution of salt in polymeric solid 
electrolyte film is uniform, alsocontrol of salt concentration is 
easy. In addition, because starting material low molecular weig 
of polymeric solid electrolyte permeating in electrically 
conductive material,you polymerize, satisfactory electrical * 
mechanical contact is acquired between the electrically 
conductive material and polymeric solid electrolyte. It is 
possible to obtain light weight * compact completely solid type 
lithium battery, by coiiq)osite making doing polymeric solid 
electrolyte film dueto this invention on anode material of 
polyaniline and manganese dioxide or other lithium battery 
which are usedwith Working Example. In addition also 
production of con^letely solid type electrochromic element of 
thin form is possible byusing material (Such as forexan^le 
polypyiTole , polythiophene or other conductive polymer and 
tungsten trioxide) i^ch shows electrochromism as electrically 
conductive material. 



[0 2] 3immizt^i^x»ii*tnyM^^m»KmM 



[Brief Explanation of the Drawing(s)] 

[Figure 1] Configuration diagram of plasma polymerization eqi 
pment which is used with Working Example. 

[Figure 2] Configuration diagram of test cell which is used for ] 
eduction and q>praisalof electrically conductive material / 
polymeric solid electrolyte composite membrane in Working 
Example. 
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[Figure 1] 





[Figure 2] 
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